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ABSTRACT OF THESIS 
The right fore-limbs of Triturus viridescens were amputated below the 
wrist and allowed to regenerate in situ for ten days. Some of the blaste- 
mata were allowed to regenerate for from 14 to 17 days in situ. The other 
10-day-old blastemata were grown in vitro at 26 C and room temperature. 
The culture medium consisted of embryonic chick extract and chicken plasma. 
The 10-day-old blastemata grown in vitro for from four to seven days 
(14-days-old) and (17-days-old) respectively at 26 C and room temperature 
were compared with those grown in situ. 
Cartilaginous cells were present and well differentiated in the expiants 
grown at 26 C, but were observed only in small areas in those grown at room 
temperature. Muscle cell differentiation and orientation were pronounced 
in expiants cultured at room temperature. It may be that more complete 
differentiation did not occur in the blastemata grown in vitre because they 
were completely isolated from any type of nerve supply. 
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Regeneration of fore-limbs of amphibia has been the object of many in¬ 
vestigations from the nineteenth century until the present time* Thornton 
(1939) made a study on the histogenesis of nuscle in the regenerating fore¬ 
limb of Triturus viridescens. 
Rose (1949) reported evidence of epidermal dedifferentiation during 
blastema formation in regenerating limbs of Triturus viridescens* He de¬ 
termined that the greater part of the regenerating blastema was derived 
from dedifferentiated epidermal cells, after he observed that there was a 
decrease in thickness and a corresponding loss in the epidermal wound 
epithelun when the blastema first appeared* 
Danes (1949) investigated the growth and differentiation of tissues ob¬ 
tained from Triturus in culture media and reported that they were suitable 
for in vitro studies. 
This investigation was undertaken in order to compare the differences 
and similarities of both in vitro and in vivo differentiation of fore-limb 
regeneration in 17-day-old blastemata from Triturus viridescens. Since 
fore-limb regeneration has been studied thoroughly by numerous investigators, 
temperature variables were used to correlate in vivo and in vitro conditions. 
Cultures were maintained at room temperatures and incubated at 26 C. The 
differentiation of the blastemata grown in vitro were conpared with normal 
fore-limbs and 17-day-old blastemata grown in situ. 
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CHAPTER II 
REVIEW OF LITERATURE 
Holmes (1914) studied the behavior of the epidexmal cells of amphibians 
when cultivated in vitro. The larvae of Diemvctvlus torosus were used in 
these experiments and studies were also made on the epithelial outgrowth 
from tissues of the adult frog. Pieces of the embryonic epidermis were 
cultivated in lymph or plasma from the adult amphibian. It was difficult 
to use plasma due to the rapid coagulation of the blood. Epithelial cells 
did not wander out from the expiants unless they were in a medium of a more 
or less firm consistency. Outgrowth did not occur if the lymph did not 
coagulate about the tissue, however, the cells often stayed alive and the 
cilia continued to beat for weeks. 
In Ringer's solution, epithelium from both embryos and adults remained 
alive for a long time, but outgrowth of cells from the expiants did not 
take place. After several experiments, it was found that a mixture of nu¬ 
trient gelatin and blood serum afforded a culture medium that was suitable 
for growing both adult and embryonic epithelia. The proportions of the sub¬ 
stances used were about equal parts of serum and a two per cent solution of 
the gelatin. The gelatin solution was prepared and sterilized by boiling. 
In order to obtain the serum, blood was drawn from the heart into a small 
glass tube and the clot was removed. After the gelatin was wanned suffi¬ 
ciently to become fluid, it was mixed with an equal quantity of serum and 
centrifuged to remove the corpuscles. The clear liquid was then transferred 
to another receptacle and the mixture that was formed became fluid when 




The ectodermal cells from pieces of young tadpoles grew out rapidly in 
this medium* Within 24 hr the new growth extended beyond the area of the 
original tissues. Within 48 hr, many cultures were five or six times larger 
than the original expiants. The ectodermal cells extended in the form of 
broad sheets, but sometimes strands were seen vihich often branched and some 
of the branches met and fused with those of other strands* 
Fifty days after implantation into the culture mediun, mitotic cell di¬ 
visions were observed in some of the cells* Pieces of epidermis from the 
adult frog formed extensions much like those from the larva, but growth was 
less rapid* The extensions of the epidermis in both larval and adult forms 
were due to the amoeboid activity of the protoplasm along the margin of the 
extending mass. 
Strangeways and Fell (1926) obtained a desirable degree of histological 
differentiation of denervated limb-buds, under conditions where nerves were 
absent. They cultivated, in vitro, right anterior and posterior limb-buds 
from chick embryos 72 to 80 hr old. These limb-buds were placed on clots 
of chicken extract and plasma that were formed in small centrifuge tubes. 
Explanted limb-buds from these cultures produced cell division and differ¬ 
entiated into a resemblance of normal limbs. 
According to Strangeways (1926), Fell stated that if a piece of tissue 
is cultivated in vitro in a suitable nutritive medium, amoeboid cells moved 
out in the culture medium around the parent culture. According to them, in 
organized growth the explanted tissue retained its characteristic histological 
structure and grew as if it were still an intact part of the animal from which 
it was taken. If tissue was obtained from an early embryo, it usually con¬ 
tinued its histological and sometimes its anatomical development vriiile in 
culture 
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Manner (1953) studied the changes in the mitotoc activity of both the 
epidermal and mesenchymal tissues during a 28-day period of regeneration 
and correlated these results with the histological changes which occurred 
during the same period in an attempt to find the origin of the regeneration 
blastema. Adult Triturus viridescens were used in this study. He stated 
that there are three aspects of regeneration* the rate of mitosis in the 
epidermal and mesenchymal cells, the epidermal origin of the blastema, and 
the origin and differentiation of those tissues which make their appearance 
during a 28-day period of regeneration. 
Amputations were made through the ricfrt lower forelimb and the regenera¬ 
tion stumps were severed through the elbow region, histological sections of 
the expiants were made. It was observed that wound healing lasted for six 
days and a blastema was not formed during this period. Blastema formation 
started within seven days and continued for 20 days. The epidermal mitotic 
activity continued to decrease, however, on the twelfth day this activity 
increased again and continued for four days. This increase was accompanied 
by an accumulation of epidermal cells in the area of the wound. These cells 
remained in the epidermis and never enteted into the blastema proper. The 
mesenchymal mitotic activity continued to increase and reached a maximum at 
16 days. The cells that resulted from this increased accumulation in the 
wound area contributed to the regeneration blastema. 
In an attempt to find a specific answer to the question of the origin 
of the blastema cells, Thornton (1942) implanted unirradiated limb and tail 
muscle tissue into irradiated limb stumps of adult Triturus. Unirradiated 
tail muscle tissues of adult Triturus transplanted into forelimb stumps, 
whose regeneration had been prevented by X-radiation, gave rise in most cases 
5 
to tail-like regenerates in vtfiich no axial skeleton was formed. Unirradiated 
hind-limb muscle tissues transplanted into X-rayed fore-limb stumps gave rise, 
in 2(# of the cases, to limb regenerates vihich possessed a cartilaginous limb 
skeleton. 
It was concluded that a part of the implanted muscle tissue dedifferen¬ 
tiated to form blastema cells, and as the blastema formed it checked further 
dedifferentiation of the implanted muscle. The remaining implanted muscle 
tissues directed the further development and differentiation of the blastema. 
Rose (1948) studied the contribution of the epidermis to the regeneration 
blastema of the limb of salamanders. Triturus viridescens were used in this 
experiment. 
Epidermal cells were stained with Nile blue sulfate in an attempt to 
trace them and learn whether they became a part of the sub-epithelial portion 
of the blastema. The forelimb of the Triturus viridescens was amputated and 
time was allowed for an epidermal wound epithelium to cover the amputated 
surface. After four days in six cases, eight days in two cases and 11 days 
in nine other cases, the stumps were immersed in a one per cent Nile blue 
sulfate solution for approximately 45 minutes. The wound epithelium had com¬ 
pletely covered the wound and was several cells thick before the stain was 
applied. The entire surface of the wound epithelium was intensely stained, 
however, after a day or two the wound at the periphery was almost colorless, 
while the central region was as darkly or more darkly stained than at first. 
A few days after the stained cells were concentrated in the center, they were 
seen to be covered by unstained cells which arrived later and were piling up 
distal to them. There was an increase in cell division in the wound epi¬ 
thelium before blastema formation, but the wound epithelium formed and began 
to thicken before there was any increase in cell division. Migration and 
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cell division yielded a wound epithelium which was 13 to 20 cells thick in 
the center. This was much thicker than the normal epidermis which has a 
depth of two or more cells. 
Rose (1948) concluded from these observations that in the period before 
blastema formation, epidermal cells migrated from old epidermis at the 
periphery toward the center of the wound epithelium. A large mound of epi¬ 
dermal cells formed at the distal tip of the limb stump prior to blastema 
formation. A major portion of the young regeneration blastema was derived 
from dedifferentiating epidermal cells. 
Singer (1943) re-analyzed the problem concerning the relation of the 
various nerve components to regeneration of the Trlturus limb. The somatic 
nerve supply of the forelimb was eliminated partly or completely by cutting, 
in one case, spinal nerves three and four and in the others three, four and 
five. In both cases, as indicated above, the sympathetic nerve supply was 
net injured. These was no regeneration of the forelimb, except in a small 
number of animals and only after considerable delay. According to Singer, 
the return of regeneration ability can not be explained on the basis of re¬ 
generation of somatic fibers without taking into consideration the sympa¬ 
thetic fibers. 
Singer concluded that the presence of the normal sympathetic nerves were 
not essential for regeneration of the fore-limb and that the somatic nerves 
may be required. 
Danes (1949) cultured the lungs of Triturus viridescens. All cultures 
were prepared from tissues of adult specimens. The animals were pinned to 
a cork board, which had been washed with 95# alcohol. A median ventral in¬ 
cision was made through the entire body wall and the lungs were removed and 
put in Tyrode’s solution. Amphibian salt solutions were not used for rinsing 
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the tissue since the usual mammalian ones proved satisfactory. The fragments 
were explanted in hanging drop preparations as well as in roller tubes and 
Carrel flasks. The medium was composed of equal parts of embryonic extract 
from seven-day-old chicks and cockerel plasma, in which 1000 units per mil- 
liter of pencillin G were mixed. In the roller tubes and Carrel flasks, one 
centimeter of supernatant fluid was added which consisted of 70# human ascitic 
fluid, 15# Tyrode's solution and 15# embryonic extract in Tyrode's solution 
at a concentration equivalent to 15# of embryo juice. The cultures were 
grown at room temperature (25.5-26.5C.). Amphibian protein nutrients were 
not used in this experiment and there was no attempt to regulate osmotic 
pressure. According to Danes (1949), since the cultures grew in chick media, 
a balance was established between the media and tissue expiant» 
The cultures were observed in the living state from one to six weeks. 
Long term cultures were washed in Tyrode's solution and patched, if lique¬ 
faction had occurred. At the end of the observation period, the cultures 
were fixed and stained. The newt's lung produced two types of epithelial 
pulmonary and ciliated. Constant activity was noted at the free cell margin 
and a constant cycle of extension and withdrawal of a thin plate of cytoplasm 
was noted 
CHAPTER III 
MATERIALS AND METHODS 
Sixty adult salamanders, Triturus viridescens» were used in this investi¬ 
gation. They were obtained from the Carolina Biological Supply Company at 
Burlington, Carolina. After carefully observing the animals for fungus in¬ 
fection, they were placed in aerated water in seven by nine inch battery jars. 
The animals were fed ground beef twice a week and the water was changed after 
each feeding. 
All glassware and instruments used in this investigation were sterilized 
at 150 C in dry heat. Riçfat and left fore-limbs were amputated by using 
razor blades which had been sterilized in 95$ alcohol. The lower part of 
the fore-limb just above the wrist was amputated in each case. 
Six series were used and the right and left fore-arms of ten animals 
were amputated in each series. Each series was assigned a code letter and 
a number. Ten days after amputation of the fore-limbs, 14 of the regenera¬ 
tive stumps were removed from the animals. Two were placed in Bouin's fixa¬ 
tive, 12 were placed in organ cultures and the six remaining regenerative 
stumps were allowed to continue to regenerate in situ for from four to seven 
days. Six of the expiants in organ culture were incubated at 26 C and the 
six others were maintained at room temperatures for from four to seven days. 
The regenerating blastemata were cultured in the well of Maximow slides 
which were placed in Petri dishes with a cotton wool circular disk which 
fitted the Petri dish. The cotton wool was soaked in 20 ml. of sterilized 
water in order to maintain a moist chamber. Fifteen drops each of chicken 
extract and plasma were placed in the well of Maximow slides. The expiants 
were rinsed in Ringer's solution before placing them in the plasma and ex- 
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tract clot* They were allowed to stay In culture for from four to seven 
days* The extract and plasma were changed at three-day intervals. If 
liquefaction occurred, the old nutritive media were removed and fresh plasma 
and extract were added to the expiants. 
All expiants and controls were fixed in Bouin's and prepared for histo¬ 
logical study according to Güyer (1962). The longitudinal sections were 
stained with Harris's and Delafield's hematoxylin and counter-stained with 
eosin. Canada balsam was used for mounting. 
CHAPTER IV 
EXPERIMENTAL RESULTS 
The histological observations recorded in this paper include some of 
the elements which have been shown or suspected of playing a role in the 
process of regeneration by many previous investigators. These observations, 
which are recorded below, were taken from samples of slides prepared from 
expiants which were cultured in organ cultures for from four to seven days 
and fore-limbs that were allowed to grow in situ for from ten to 17 days. 
All fore-limb stumps were taken from adult Triturus vlridescens. 
The intact fore-limb has thick epidermal cells in the fingers. Under 
the epidermal cells a distinct basement membrane is present. The dermis 
is approximately twice as thick as the epidermis. It contains many 
melanophores which are in various stages of contraction. The majority, 
however, are highly contracted and appear as black spots. Many blood ves¬ 
sels and large epidermal glands may be observed in the dermis (Fig. 1). 
The connective tissue is closely packed and contain within it numerous 
fibroblasts and fibrocytes. These are distributed throughout and not localized 
in any one position. Striated muscles, bone with its component osteoblasts 
and osteocytes, as well as cartilage with its component chondrocytes and 
chondroblasts are present (Fig. 2). 
A Description of the Ten-Day-Old Fore-Limb Blastema 
There was an accumulation of epidermal cells at the tip of the regener¬ 
ating limb. The two fore-arm bones were seen extending to the distal tip of 
the stump where they were covered by an already thickening epidermal wound 
epithelium (Fig. 3). Cut muscle fibers at the distal tip had degenerated 
and only loose cells remained where the nuscles had been. There was a loss 
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of organization in this blastema period, but cells for regeneration were 
not observed. 
Ten-Day-Old Blastema Grown In Situ for Four and Seven Days 
The ten-dav-old blastema grown in situ for four days (14-davs-old).—The 
disintegration of the cartilage and muscular tissue was apparent (Fig. 4). 
There was an accumulation of the epidermal cells at the tip of the regener¬ 
ating limb. Epidermal glands were seen along the periphery of the dermis. 
Cells undergoing mitosis were not observed. 
The ten-dav-old blastema grown in situ for seven days (17-davs-old).— 
The epidermal and mesenchymal tissue exhibited mitotic activity (Fig. 5). 
The epidermal mitotic activity had resulted in an increase in the thickness 
of the epidermis overlying the wound. 
The appearance of the blastema at this stage was somewhat different from 
that of the 14-day-old. There was an increase in the amount of connective 
tissue which was found between the cut end of the bone and the overlying 
epidermis. This connective tissue, in addition to the fibroblasts, fibrocytes, 
and striated nuscle patches, contained small bits of cartilage. Although all 
of these cell types were present, organization of them had not occurred. 
Ten-Day-Old Blastema Grown In Vitro for Four and 
Seven Days at 26 C 
The ten-dav-old blastema grown in vitro for four days (14-davs-old).— 
Epidermal glands were observed in the distal as well as in the proximal 
regions (Fig. 6). Cartilage was present, but muscle was not found in large 
amounts. 
The ten-dav-old blastema grown in vitro for seven days (17-davs-old).— A 
large nunber of epidermal glands were in the distal region (Fig. 7). Cartilage 
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was well differentiated, but muscle cells were not well organized. Connec¬ 
tive tissue was present in large amounts. 
Ten-Day-Old Blastema Grown Do Vitro for Four and 
Seven Days at Room Temperature 
Ten-dav-old blastema grown in vitro for four davs (14-davs-old).—The 
epidezmal cap was small, but well formed (Fig. 8). Connective tissue was be¬ 
ginning to form in the distal region and muscle cells were seen in small 
patches. Cartilaginous cells were not orientated in definite areas of the 
blastema. 
Ten-dav-old blastema grown in vitro for seven davs (17-Davs-oId).—Con¬ 
nective tissue was found in the apical region. The epidermal cap was small, 
muscle cells were pronounced, but glandular cells were not present in the 
apical region as they were in the incubated expiants. The cartilaginous cells 
were not well differentiated. 
CHAPTER V 
DISCUSSION 
According to Rose (1949), there is not very much known about the cause 
of differentiation of the blastema and very little about the factors which 
influence it* According to him, however, dedifferentiation and differentia¬ 
tion occur only when there is an intimate contact between epidermal and 
internal tissues. 
Holme6 (1914) found that the epidermis of amphibians grew well when 
cultivated outside the body in a mixture of gelatin solution and blood 
serum* Epidermis from amphibian larvae was kept alive for several months 
if it were transferred occasionally into fresh culture media* 
This investigator placed the ten-day-old blastemata from adult Triturus 
in organ cultures, with chick extract and plasma as the nutrient medium, 
and found that after for from four to seven days the living conditions for 
the expiants were satisfactory* Histological observations of the first 
series indicated that necrosis was present in some of the expiants* 
Expiants incubated at 26 C had a large number of epidermal glands in the 
distal region. This was not observed in cultures maintained at room tempera¬ 
ture. These epidermal cells were observed in 17-day-old blastemata grown 
in situ. Connective tissues were seen in the distal region of expiants main¬ 
tained at room temperature. Epidermal cells were observed in the distal 
region of the differentiating blastema cultivated in the incubator at 26 C 
as well as connective tissue. These tissues were similar to those which 
differentiated in situ as described by Manner (1953). 
The cell masses found in 17-day-old blastemata grown in vivo were not 
present in those grown in vitro. Mitosis was not observed in expiants 
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grown in vitro» but differentiation of cells was observed. Many mitotic 
figures were observed in the 17-day-old blastema grown in vivo. Rose (1948) 
described the role of mitosis in the 17-day-old blastema in his studies on 
the contribution of the epidermis to the regeneration blastema of the limb 
of salamanders. 
This investigator was not able to find in the literature an account of 
an attempt ef others to observe the differentiation of the blastema of 
Triturus in organ culture. There were similarities in dedifferentiation 
and differentiation of the cells in the blastemata grown in vitro and in situ. 
The organization of these cells in the regenerates was more pronounced in 
those grown in situ. 
Butler and Schotte^ (1941); Schette^ and Butler (1941), and Singer (1943 
and 1948) have made studies on the effects of denervation on the morphologi¬ 
cal and histological differentiation of the urodele fore-limb blastema. 
They found that some type of nerve supply such as motor, sensory and/or 
sympathetic fibers were essential for complete regeneration of the anputated 
stump. It may be that since the blastemata grown in vitro were isolated from 
any nerve supply proliferation and differentiation were limited 
CHAPTER VI 
SUMMARY 
1. The ten-day-old blastemata were grown in vitro and in situ in order to 
compare the differentiation of regenerating fere-limbs of Triturus. 
2. Ten-day-old blastemata grown in vitro for from four to seven days 
(14-days-old) and (17-days-old) respectively at 26 C were compared 
with 14 and 17-day-old blastemata grown in situ* 
3* Ten-day-old blastemata grown in vitro for from four to seven days 
(14-days-old) and (17-days-old) respectively at room temperature were 
compared with 14 and 17-day-old blastemata grown in situ. 
4* Cartilaginous cells were present and well differentiated in the expiants 
grown at 26C, but were observed only in small areas in those grown at 
room temperature. 
5. Muscle cell differentiation and orientation were pronounced in expiants 
cultured at room temperature. 
6. It may be that more complete differentiation did not occur in the 
blastemata grown in vitro because they were completely isolated from 
any type of nerve supply. 
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PLATE I 
(Explanation of Figure) 
* 
This figure is a photomicrograph of a prepared section* 
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(Explanation of Figure) 
Fig* 1. Highly contracted melanophores and epidermal glands in the intact 
fore-limb  X 430. 
ml - melanophores$ epg - epidermal glands 
m| 
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PLATE II 
(Explanation of Figure) 
# 
This figure is a photomicrograph of a prepared section. 
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(Explanation of Figure) 
Fig* 2* Striated muscle, cartilage and chondrocytes in the intact 
fore-11wb «•••••••»•••••••••••••••••*«•••••••••• X 430* 
am - striated musole; c - cartilage; ch - ohondrocytes 
PLATE III 
(Explanation of Figura) 
* 
This figure is a photomicrograph of a prepared section. 
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(Explanation of Figure) 
Fig. 3. The thickening epidermal wound epithelium in the ten-day-old 
fore-limb blastema grown in situ X 430. 
c.w.e. - epidermal wound epithelium 
* 
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PUTE IV 
(Explanation of Figuro) 
* 
This figure is a photomicrograph of a prepared section. 
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(Explanation of Figure) 
Fig* 4* The dedifferentiation of the cartilage and muscular tissues of 
the ten-day-eld blastema grown in situ for four days (14-days- 
old) X 430. 
c - cartilage; mt - muscular tissue 
PLATE V 
(Explanation of Figure) 
* 
This figure is a photomicrograph of a prepared section. 
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(Explanation of Figure) 
Fig. 5. Epidermal and mesemchymal tissues with mitotic figures within 
them as shewn in this photomicrograph of a ten-day-old blastema 
grown in situ for seven days (17-days-old X 970. 
ept — epidermal tissue; mes.t. — mesenchymal tissue; 
mf - mitotio figure 
FIG 4 
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PLATE VI 
(Explanation of Figure) 
* 
This figure is a photomicrograph of a prepared section. 
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(Explanation of Figure) 
Fig. 6. Epidermal glands in the distal and proximal regions of the ten- 
day-old blastema grown in vitro for four days (14-days-old) 
at 26 C X 430. 
ep.g. — epidermal gland 
F I G, 6 
PUTE VII 
(Explanation of Figure)* 
* 
This figure is a photomicrograph ef a prepared section. 
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(Explanation af Figure) 
Fig* 7. Well differentiated cartilage and epideimal glands in the distal 
region of the ten-day-old blastema grown in vitro for seven days 
( 17-days-old ) at 26 C X 430. 
o — cartilage? ep.g• - epidermal gland 
PLATE VIII 
(Explanation of Figure) 
* 
This figure is a photomicrograph of a prepared section. 
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(Explanation of Figure) 
Fig. 8. Small but well formed epidexmal cap in the ten-day-old blastema 
grown in vitro for four days (14-days-old) at room temperature. 
The connective tissue may be observed in the distal region, 
muscle cells in small patches and cartilaginous cells are not 
well orientated X 430. 
op.c. - epidermal cap; ot - connective tissue; 
me - muscle oell; oo - cartilaginous cells 
F I G. 7 

